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Abstract 
The target of this contribution is the energy simulation of energy demand for heating system in winter period and for 
cooling system in summer period. The object of the energy simulation is the shopping centre. It is solved the main 
passage of the centre that is basically the internal enclosed multi-stories space (atrium). The passage has large glass 
surfaces on the exterior walls and on the roof. Mainly because of this state the cost to cooling system operation are 
very high in summer period. There are proposed and analysed two variants of shading devices, active and passive. 
The passive devices are solar window films, the active devices are dynamic window blinds. The energy simulation 
of all proposed variants is elaborated in order to achieve more effective operation of the cooling system on the one 
hand and of the heating system on the other hand in term of energy demand. For our target of this article we used 
simulation software called DesignBuilder. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction
Energy savings are essential for the long term solution of the problem with use of energy. In buildings, to
maintain a good indoor environment, energy is used for heating, cooling, lighting, ventilation. Energy performance 
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of buildings is depending not only on thermo-technical parameters of buildings constructions but on building 
services (heating, cooling, ventilation) too. The important parts of buildings are windows that provide indoor 
daylight and a good view out. In the case of large glass surfaces they essential influence energy demand for cooling 
and heating [1]. The study results [2] have found that solar heat gains are important for saving energy for heating in 
buildings in temperate and cold climates. On the other side the large glass surfaces can also lead to an overheating of 
the building in summertime and result in poor thermal comfort. This problem can be solved by appropriate glazed 
area and shading devices. Equally, the study results [3] have found that energy demand for cooling is dominate in 
office buildings in cold climate like Oslo in Norway too. The impact of different shading properties on daylighting 
availability and overall energy performance was solved for office buildings in Montreal. In compare with the base 
state without shading, shading control accounts for 50 % decrease in annual cooling energy demand [4]. 
2. Subject of a case study
The subject of this analysis is to know the influence of selected shading devices on total energy demand of
passage in the shopping center during the year. We compared passive and active shading system where the solar 
window films were used as a passive shading system and the exterior moveable shade rolls were used as an active 
shading system. The space of a passage has large glass surfaces in the external walls and flat roof. This fact causes a 
large external load of a passage from direct sun beams during the summer months and consequently higher 
operation costs of cooling system too. Our target of this energy analysis is to know how much energy demand we 
can save for cooling system in the passage if we use exterior solar window films or exterior movable shade rolls. 
Vice versa we want to know too how much energy we will need for heating system in the passage. Why? If we use 
exterior solar window films, we will reduce exterior solar gains during the summer. But we reduce exterior solar 
gains during the winter too. For target of this article we used simulation software called DesignBuilder that uses 
solution engine Energy Plus. The IWEC weather file for location Kosice (SVK) was used in energy simulations [5].  
2.1. Geometrical model 
In the first step we created the geometrical model of a shopping centre in the simulation software DesignBuilder. 
The model of a shopping centre is shown in the next figure (Fig. 1). The space of a passage is an enclosed multi-
stories space. The floor area of a ground floor is 3,267 m2 and the total height of an atrium is about 17.0 m. The 
total inner volume of a passage is 64,322 m3. The space of an atrium is displayed in the next figure like a gray 
block. And for this part were defined the boundary conditions of building constructions (Table 1). Dominating part 
of external surfaces is glass.  
In the first step we created the default energy model of a building where the thermal properties of building 
constructions and thermo-optical properties of glass surfaces were defined (Table 1, Table 2). The values were taken 
from the technical properties of windows and consequently were used in the programme. The inner building 
partitions which divide rooms with the same internal conditions were modelled as adiabatic constructions in 
DesignBuilder. 
  Table 1. Coefficient of thermal transmittance of building constructions. 
Building construction Coefficient of thermal transmittance U 
[W/(m2.K)] 
Flat roof 0.2 
Glass surfaces (NITRASKLO CLIMAPLUS 4S 
PROTECT 
1.1 
 Table 2. Thermo-optical properties of a glass surface. 
NITRASKLO CLIMAPLUS 4S PROTECT Value 
Solar heat gain coefficient (SHGC) 0.40 
Shading coefficient 0.46 
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Fig. 1. Visualisation of a shopping centre. 
We analyzed results of the two following variants in relation to the default state: 
• Variant A – where we use exterior solar window films on all glass surfaces in the external walls and flat roof in
order to reduce external load from the sun during the summer period. The thermo-optical properties of a solar
window film are shown in the next table (Table 3).
 Table 3. Thermo-optical properties of a solar window film. 
SILVER 20 EXTERIOR Value 
Transmission of solar 14% 
Reflection of solar 63% 
Absorption of solar 23% 
Shading coefficient 0.20 
• Variant B – where we use exterior shade rolls on all glass surfaces in the external walls and flat roof in order to
reduce external load from the sun during the summer period. It was used light opaque textile roll with the thermo
optical properties from the next table (Table 4). We used moveable shade rolls. They are open during the winter
period in order to use solar heat gains and decrease the energy demand for heating. Vice versa the exterior shade
rolls are close during the summer period in order to reduce external load from the sun and parallel in order to
decrease the energy demand for cooling.
 Table 4. Thermo-optical properties of an exterior shade roll. 
SHADE ROLL – LIGHT OPAQUE Value 
Conductivity 0.1 W/(m.K) 
Solar transmittance 0.05 
Solar reflectance 0.50 
Visible transmittance 0.05 
Visible reflectance 0.50 
2.2. Parameters of an internal environment and HVAC 
Parameters of an internal environment in the passage of a shopping centre are provided by using mechanical 
ventilation with the control of air temperature. The heat recovery units are the part of ventilation system. Total 
volume flow rate of air is about 200 000 m3/h in the atrium of a shopping centre. The part of this volume flow rate 
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of air is a fresh air at the value of 28% or 56 000 m3/h (30 m3/(h.person)). Parameters as density of occupation and 
metabolic rate per person (Table 5) were considered as constant values during whole year in the simulations.   
 Table 5. Parameters of an internal environment in the atrium. 
Parameter Value 
Air temperature in summer (Air conditioning unit is on) 22 – 26 °C 
Air temperature in winter (Air conditioning unit is on) 18 – 22 °C 
Operation of mechanical ventilation 05:00 a.m. – 10:00 p.m. 
Density people 4.0 m2/person 
Summer clothing 0.5 clo 
Winter clothing 1.0 clo 
Metabolic rate 140 W/person 
Target illuminance 400 lux 
3. Analysis of an energy demand
Presented results in this part of an article are results from the simulation software DesignBuilder. These values
describe how much energy (heat/cold) is needed to use in order to cover heat losses of a building in winter period or 
to cover heat load during the summer period. In the analysis was not calculated with any heat or cold source. We 
compared three states (default state, variant A, variant B) in term of energy demand in summer and winter. In the 
first step there was simulated the default state of an operation in the atrium. All thermal and optical properties of 
building constructions and parameters of internal environment are shown in the text above (Table 1, Table 2, and 
Table 5). 
In the second step there was simulated the proposed state (variant A) of an atrium where the exterior solar 
window films were applied on all glass surfaces in the external walls and flat roof. Thermo-optical properties of this 
film are shown in the table (Table 3) above. Regarding to the properties of solar window films we can reduce the 
energy demand for cooling at 44 %. If we apply these exterior solar window films on all glass surfaces we will 
decrease external load from the direct solar radiation. But parallel we will decrease heat gains from the sun during 
the winter period too. So we decrease energy demand for cooling system in summer, but we increase the energy 
demand for heating in winter. And how much is it? The results from energy simulation of a building in 
DesignBuilder showed us that if we use solar window films we will increase the energy demand for heating about 
13 %. You can see the total results in the next graph (Fig. 2). 
In the third step there was simulated the proposed state (variant B) of an atrium where the exterior moveable 
shade rolls were applied on all glass surfaces in the external walls and flat roof. Thermo-optical properties of the 
used shade roll are shown in the table (Table 4) above. Regarding to the properties of shade rolls we can reduce the 
energy demand for cooling at 35 %. If we apply these exterior moveable shade rolls on all glass surfaces we will 
decrease external load from the direct solar radiation. In this case in this situation we will not decrease heat gains 
from the sun during the winter period, because the exterior shade rolls are open. So the energy demand for heating 
does not change and it is the same as in the default state. You can see the total results in the next graph (Fig. 2). 
The energy demand for cooling in summer period covers internal and external loads which are occupancy, 
lighting, solar radiation and external ventilation in cases, when the outside air temperature is higher than the air 
temperature in the atrium of a shopping center. The energy demand for heating in winter covers heat transfer losses, 
ventilation heat losses and considers the heat gains from occupancy, lighting and solar radiation.   
The results from energy simulation in DesignBuilder showed us that if we use passive or active shading devices 
for the shopping centre we will reduce the total energy demand during the year in the range from 17 to 19 % 
(regardless of used energy sources). 
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Fig. 2. Energy demand in summer and winter period. 
4. Analysis of energy consumption and operative costs
In order to set energy consumption of heating and cooling system there was needed to define energy sources. The
air-cooled compressor chiller is the energy source in cooling system. The default value of rated energy efficiency 
ratio of cooling (EER value) is 2.6 [6]. The district heating system is the energy source in heating system. There is 
installed heat exchange station with the value of thermal efficiency 98.5%. If we apply these energy sources in 
calculation the energy saving of annual energy consumption is 4 – 11% in compare with default state (Fig. 3). 
Fig. 3. Energy consumption in summer and winder period. 
In order to set operation costs of heating and cooling system there was needed to know unit price of electricity 
and heat energy. It is under consideration the price of electricity at value 0.1107 Euro/kWh (exclusive of VAT) [7]. 
The list price of heat energy is at value 0.0829 Euro/kWh (exclusive of VAT) [8]. The unit price of heat energy 
consists of variable and fix element. The calculated operation costs are shown in the Figure 4.  If we use the unit 
prices of energy carriers in calculation the financial saving of annual operation cost is 8 – 13% in compare with 
default state (Fig. 4). 
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Fig. 4. Operation costs of cooling and heating system. 
5. Conclusion
The target of our analysis in this article was to compare two different methods of exterior shading for selected
building in term of energy demand for cooling and heating during the year (depends on building operation, thermal 
and thermo-optical properties of building constructions, used shading devices and their properties); annual energy 
consumption for cooling and heating (depends on used energy sources) and operation costs for cooling and heating 
system. In order to reach relevant results of possible energy and financial saving it is always needed to evaluate 
whole system in term of energy performance. Comparison of energy demand for cooling or heating is not sufficient. 
It must be make provision for energy sources. In this study case the average saving of total energy demand is 18%. 
But the result saving of total energy consumption is only 8% (it is consider with used energy sources). The possible 
financial saving are at value 11% in average (it is consider with used energy sources and unit prices).  
The achieved results are valid for the above energy model of shopping center. It is not possible to apply them for 
other objects. It is needed to evaluate energy performance of every building individually and complex, that is to 
consider with energy sources.     
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